Much disagleement exists regaldilng the value of vasodilato' a.agents in the tieatment of coronary disease. Opinions have largely been based upon observations of pharniacologic action of drugs in animals, uncontrolled clinical studies and analyses of a purely subjective index, that of pain, in patients with angina pectoiis. A technic was devised, therefore, to study the modifying action of various drugs upon the electrocardiographic response to standard exercise. To have validity, the plrocedure could be carried out only in a patient showing constant electrocardiographic changes with each performance of the standard test. The present communication 'ecolds the findings in such a platient who was studied in this manner.
I FT IS routine procedure to employ vasodilator drugs in the treatment of coronary disease. Although pharmacologic evidence derived from animal experimentation1 supports this practice, the influence of drug therapy upon coronary reserve remains a controversial issue. Some investigators6' have reported no significant difference between the effects of commonly employed vasodilators and inert medications. Others,5' [8] [9] [10] using clinical methods based upon purely subjective criteria, have concluded that beneficial response follows the administration of some of these agents.
Conclusions derived from such procedures may be strongly influenced by psychogenic factors and thus cannot be accepted unreservedly. Similarly, favorable effects previously attributed to various drugs in the treatment of coronary disease may have been the result of insufficient consideration of the natural course of angina.6 At the present time, clinical electrocardiography offers the most objective means of evaluating changes in the coronary circulation. Furthermore, it has been demonstrated that induced anoxemia in certain patients with coronary insufficiency is attended by appreciable electrocardiographic alterations.'' 12 In such patients an opportunity might be afforded to study the modifying action of certain drugs.'3 The ideal subject for observation would be one in whom, under carefully controlled conditions, the use of a standard test would repeatedly produce electrocardiographic changes of the same order.
Having found a case fulfilling these criteria, an investigation of the comparative vasodilator effects of papaverine, nitroglycerin, and ethyl alcohol was undertaken, utilizing the Master "two-step" test.'2 14
CASE HISTORY
The patient selected for stu(Iy was a 50 year old white merchant seaman, who piesented a history of angina of effort since 1940, at which timne he sustaine(l a myocarfdial infarction. During the ensuing years, lie JPulsue11 his usual occupation as an electrical engineeri. Nitroglycerin afforded him relief fi'om attacks of substernal pain, which occurred several times weekly. For the month prior to admission to the hospital he noted an increase in the severity anid frequency of these episodes. For a few (lays preceding admission he was unable to walk more than a block without experiencing substernal oppiession. Each attack lasted for a few minutes and xe'as 700 relieved by rest or nitroglycerin. Family and personal past history were irrelevant.
Physical examination revealed a well developed, slightly obese white man. The left border of the heart was in the left midelavicular line. There was a soft systolic murmur of Grade 1 intensity at the mitral area. Normal sinus rhythm was present, with a rate of 80 per minute. Blood pressure was 170/90. The lungs were clear throughout. There was no evidence of decompensation. The remainder of the physical examination revealed no abnormality.
Reactions to Mazzini and Kahn tests were negative. The urine, blood count, and nonprotein nitrogen value were normal. Roentgenologic examination of the heart showed no abnormal findings. Electrocardiographic study revealed changes suggestive of left ventricular strain ( fig. 1 ). Sedimentation rate was 15 mm. in one hour tCutlei.). Complete bed rest was instituted for a period of two weeks, following which time the patient became ambulant. There was appreciable clinical improvement as evidenced by increase of exercise tolerance. Serial electrocardiograms throughout the period of study revealed no significant changes. After one month of hospitalization the present investigation was undertaken.
PROCEDURE
The patient remained under the standard hospital regimen, being up and about the wards daily. Tests were performed in the research electrocardiographic laboratory at precisely the same time each day, and by the same observers. Only one exercise test was performed in any twenty-four-hour period. Under these standard conditions the Master "two-step" test repeatedly showed RS-T segment depressions and T-wave changes of the same degree. Five such tests were recorded at varying intervals throughout the period of study. The materials used in testing were normal saline, papaverine hydrochloride, nitroglycerin, and ethyl alcohol. The standard exercise test was performed on consecutive days as follows:
(1) five minutes after intravenous administration of 4 cc. of saline; (2) five minutes after intravenous administration of 4 cc. (2 grains) of papaverine;
(3) sixty minutes after oral administration of 6 grains of papaverine; (4) ninety minutes after oral administration of 8 grains of papaverine; (5) five minutes after sublingual administration of 1/100 grain of nitroglycerin. (6) Twenty minutes after oral administration of 45 cc. of ethyl alcohol. Each test was performed on at least two different occasions.
RESULTS
Inasmuch as the abnormal changes following the standard exercise test were in all instances most evident in the apical precordial lead (CF4), tracings of this lead are presented immediately following exercise, and at twominute intervals thereafter during a ten-minute period (fig. 2) . The control Master test showed considerable depression of the RS-T segment amounting to 3 mm. immediately after exercise with progressive return to the resting control level after ten minutes. Although the T wave immediately after exercise was of increased voltage, subsequent tracings taken at two-minute intervals showed a varying degree of T-wave inversion, most marked in the fourminute tracing (where it was sharply inverted) with final return to an upright T wave at ten minutes. After four-fifths of the prescribed exercise had been performed, the patient experienced severe substernal pain lasting four minutes.
When the identical procedure was repeated five minutes after the intravenous administration of 4 cc. of saline,* a distinctly positive response was recorded, but of lesser degree than that observed in the control. Thus, the RS-T segment depression was 2.5 mm. after completion of exercise and thereafter closely followed the control pattern. Similarly, * Intravenous tests employing saline and papaverine were performed by the "blind" technic, in which the agent used remained unknown to the patient and investigator until results were recorded. 702 RESTING significant T-wave inversion was also observed in the corresponding tracings although less pronounced than in the initial test. At the completion of exercise, the patient experienced mild substernal discomfort lasting one minute. When the Master test was performed five minutes after the intravenous administration of 4 cc. (2 grains) of papaverine,* a distinct difference in the electrocardiographic response was observed. The RS-T segment showed little variation from the resting control level. The T wave was of increased voltage immediately after exercise, later diminishing in amplitude, particularly in the four-and six-mintute tracings, but without ever showing inversion. The performance of the test was not associated with the usual sensation of pain.
Similar testing of the patient sixty minutes after oral administration of 6 grains of papaverine (in capsule form) revealed significant electrocardiographic changes which, however, were distinctly less marked than those observedl w ithout medication or following the intravenous administration of saline. The RS-T segment Aw-as depressed 1.5 mm. immediately following exercise, and gradually reverted to the resting control level. Correspondingly, the T Aw-ave was of increased voltage at first, diminishing thereafter to become slightly inverted in the four-and six-minute tracings, where the only significant change as compared to the resting control wNas observed. The patient experienced minimal substernal discomfort at the completion of exercise lasting one minute.
The electrocardiographic response to exercise ninety minutes after the oral administration of 8 grains of papaverine (in powdei form) revealed a depression of 1.5 mm. in the RS-T segment initially with complete reversion to the resting control level in six minutes. T-wave inversion was not observed throughout the entire ten-minute period, although the T wave was of slightly lower voltage in the six-and eight-minute tracing as compared to the resting control. The patient experienced minimal substernal discomfort at the completion of exercise lasting one minute.
The initial tracing recorded when the Master test was performed five minutes after the sub-* See footnote, page 701. lingual administration of 1/100 grain of nitroglycerin, showed an RS-T segment depression of 1.5 mm.; subsequent tracings revealed a gradual return to the resting control level after ten minutes. The T wave remained upright throughout, although in the four-, six-, and eight-minute tracings it was of lower voltage. The patient noted no pain in this test.
The electrocardiographic response to exercise twenty minutes after the oral administration of 43 cc. of ethyl alcohol (rye whisky -95 proof) showed a depression of the RS-T segment of 1.5 mm., with return to the resting control level in eight minutes. There was an initial increase in the voltage of the T wave, which subsequently became inverted, and remained so for the ensuing ten minutes. This response showed a similarity to the one previously recorded with intravenous saline. The performance of the test was associated with slight substernal pain at the completion of exercise, lasting two minutes.
COMMENT
The need for an objective method of evaluating the influence of so-called vasodilator drugs upon the coronary circulation has long been apparent. To obviate the errors attending methods utilizing purely subjective criteria, others' x have advocated the use of a "blind technic" for study. Although this approach seems to offer an accurate method for analysis, the electrocardiogram in certain selected subjects would appear to permit a more direct and objective measure of coronary circulation. The electrocardiographic response in certain normal individuals has permitted the human bio-assay of digitalis. Similarly changes in the electrocardiogram in some patients with coronary disease seem to reflect quantitatively the degree of coronary insufficiency under normal and experimental circumstances.
The patient whom we selected for study repeatedly showed a relatively constant positive response to the Master "two-step" test under standard conditions. Control records were obtained at varying intervals throughout the period of study in order to exclude the possible influence of changes attending the natural course of the disease. Comparisons were made between these tracings and those obtained following the use of saline, papaverine, nitroglycerin, and alcohol. Comparisons were also made of the pain elicited in each instance. The results permitted a relative evaluation of the vasodilating properties of these agents, in the patient studied. It was found that the intravenous administration of 2 grains of papaverine had a marked modifying influence upon the electrocardiographic response to standard exercise. This effect was similar to that observed following the sublingual administration of 1/1 00 grain of nitroglycerin. With each of these agents, moreover, performance of the test was unaccompanied by pain. In contrast, the intravenous administration of 4 cc. of saline, and the oral administration of 45 cc. of whisky, respectively, produced only slight modification of the electrocardiographic patterns repeatedly observed in the control records. In both instances, mild to moderate pain was experienced at the completion of the exercise.
The dramatic response observed wvith the intravenous use of papaverine made it desirable to determine whether or not the administration of this drug by the oral route might also have significant effect. From previous clinical experience,16 it was felt that relatively large oral doses of papaverine would be required for a measureable therapeutic response. This appeared to be further substantiated by our observations. Thus, performance of the standard exercise test one hour after the oral administration of 6 grains of papaverine (in capsule form) as attended by appreciably less significant alterations in the electrocardiogram than were observed in the control, saline, and whisky tests, respectively. Even more striking was the modifying influence of 8 grains of papaverine administered orally (in powder form), upon the electrocardiographic response to exercise. An effect was observed comparable to that seen with intravenous papaverine (2 grains), and nitroglycerin (1/100 grain), respectively. Particularly noteworthy is the fact that with oral dosage the action of the drug wNas apparent ninety minutes after its administration. There was, however, minimal substernal pain at the completion of exercise, wN-hen these oral doses of papaverine wNere employed in the manner described.
These observations seem to indicate that papaverine administered either by oral or intravenous routes had a distinctly favorable influence on the electrocardiographic response to exercise in the patient studied. In this connection, however, it is important to note that the oral and intravenous dosage employed was considerably in excess of the amount in general usage in the treatment of coronary disease. Nitroglycerin showed prophylactic value when employed several minutes prior to the commencement of the exercise test. The observations imply that whereas nitroglycerin had an immediate and transient effect, oral papaverine in the dosage used had a more delayed and prolonged action. Thus, in the latter instance, a distinctly favorable influence Nas apparent in the electrocardiographic records obtained ninety minutes after administration of the drug. In contrast, the administration of 45 cc. of whisky appeared to have negligible effect on the electrocardiographic response to exercise SUMMARY Although widely employed in the treatment of coronary disease, the relative and actual potency of vaso(lilator drugs remains poorly defined. Considerable difference of authoritative opinion exists waith respect to the value of identical therapeutic agents. A method is described which appears to afford a means of evaluating the action of some of these drugs upon the coronary circulation in man. The technic requires the study of selected patients with coronary disease wN-ho exhibit upon repeated tests uinder standard conditions a relatively constant positive response to the Ylastei test.
Observations upon such a patient have disclosed that papaverine administered by the oral or intravenous route, in relatively large dosage, had a marked modifying effect upon the electrocardiographi( response to standar d exercise. The effect of 8 grains of oral papaverine ninety minutes after its administration was comparable to that of 1 100 grain of nitroglycerin after five minutes. Under similar conditions, 45 cc. of whisky failed to produce significant alteration in the electrocardiographic records obtained following exercise.
Further studies of this nature in suitable subjects may supply valuable information with regard to the therapy of coronary disease.
